Background and aims: There is a need for objective easily determined pathological prognostic parameters in Dukes' B colon carcinoma to allow selection of such patients for further treatment as the role of adjuvant chemotherapy for these patients remains unclear. This study was initiated to assess the influence of pathological factors on prognosis in an unselected prospective series of Dukes' B colonic cancer. Methods: The Gloucester Colorectal Cancer study, established in 1988, recruited more than 1000 cases. Meticulous pathological assessment of the 268 Dukes' B colonic cancer resections in this series included evaluation of all pathological factors that could influence staging and prognosis. All patients entered a comprehensive follow up system. Results: Four pathologically determined factors-peritoneal involvement, venous spread (both submucosal and extramural), spread to involve a surgical margin, and perforation through the tumour-were independent prognostic factors in multivariate analysis. Combining these four factors into a simple cumulative scoring system generated clinically useful prognostic groups. Conclusions: The cumulative prognostic index allows apportionment of patients with Dukes' B colon cancer into defined prognostic groups, which in turn could allow more objective selection of patients for adjuvant therapy, especially as part of clinical trials.
T he prognosis of patients who have carcinoma of the colon or rectum is dependent on several factors: clinical, pathological, and biological. Among the pathological factors, penetration of the bowel wall and local lymph node involvement are the two most powerful prognostic indicators: these factors constitute the Dukes' staging system which remains the most important determinant of the decision to institute postoperative chemotherapy in both colonic and rectal cancer. 1 The efficacy of adjuvant chemotherapy in Dukes' C (lymph node positive) cancer, colonic and rectal, is largely undisputed and has been shown to produce a reduction in recurrence and mortality, to increase disease free survival, and to be cost effective. [2] [3] [4] [5] [6] [7] However, the role of adjuvant therapy in Dukes' B carcinoma is still debated and has yet to be clarified. There have been conflicting results from large trials. 3 4 8-13 Accurate patient selection is a critical part of the decision to institute adjuvant treatment. For instance, in the rectum, the extent of mesorectal spread and involvement of the deep (circumferential, radial, mesorectal) margin are important determinants of local recurrence and this prognostic determinant is currently used to select patients for adjuvant therapy, particularly radiotherapy. [14] [15] [16] This is also the subject of the current MRC trial, CRO7. In the colon, unlike rectal cancer, radiotherapy is largely unsuitable for carcinoma and its efficacy unproven. Thus chemotherapy, usually systemic but also potentially intraperitoneal, remains the mainstay of adjuvant therapy in colonic carcinoma. 2 17 In most series, between 40% and 50% of colonic carcinomas are Dukes' B stage. 18 To subject all of these patients to chemotherapy may be inappropriate and costly. 7 19 Dukes' B cancer represents a very wide spectrum of disease from very early penetration through the bowel wall, with a prognosis approaching that of Dukes' A cancer, to aggressive and extensive tumours with extramural venous spread and involvement of the serosa, surgical margins, or adjacent organs. There is therefore an increasing need for accurate stratification of Dukes' B colonic cancers to identify those with higher rates of locoregional recurrence and subsequent relapse and to identify those for whom adjuvant chemotherapy may be of greater benefit.
MATERIALS AND METHODS
The Gloucester Colorectal Cancer Study was instituted in 1988. A total of 1050 patients, 673 with colonic cancer and 377 with rectal cancer, were recruited between August 1988 and September 1996. Two hundred and sixty eight (39.8%) of the colonic cancers were Dukes' B stage, representing a prospective, continuous, unselected cohort of patients who underwent a primary resection in Gloucester between these dates. The Gloucestershire Local Research Ethics Committee, under reference 01/21G, approved the study.
Curative and palliative cases were included although cases in which resection was performed for synchronous carcinoma, metachronous carcinoma, and carcinoma arising in ulcerative colitis and familial adenomatous polyposis were excluded. Cases were considered curative if the surgeon and/or the pathologist judged that all tumour had apparently been removed by the end of the surgical procedure. Cases deemed palliative included those with metastatic disease, particularly to the liver and/or lung, local tumour spread beyond the surgical margin, and tumour perforation. As some of these factors (especially the latter two, both of which required histological confirmation in this study) are important prognostic factors in Dukes' B colonic cancer, the curative/palliative status was included in the analysis but distinction between these categories is not regarded as an important aspect of this study.
In each case, one pathologist (NAS) carried out the pathological analysis of each resection specimen in a standardised meticulous manner. This involved harvesting of all lymph nodes (mean lymph node harvest 21.3) and comprehensive sampling of the tumour for histology (mean number of tumour blocks 5.7). The latter allowed a comprehensive analysis of potential extramural venous spread, as previously described. 18 20 At least two blocks were taken from each case where tumour was closest to the peritoneal surface. 18 Two blocks were also taken from the area where tumour was closest to any surgical margin, whether retroperitoneal (for instance in the caecum) or mesocolic.
Microscopic assessment included the recording, using standard methodology, of tumour type, tumour grade, and intratumoral fibrosis. 18 21-24 Venous spread was assessed histologically in the three groups (table 1) using conventional methodology. 20 Peritoneal involvement was divided into four groups, as previously described (table 1) . 18 25 The extent of spread was determined histologically as a measurement from the outer border of the longitudinal muscle layer to the most distant point of tumour spread and divided into three groups, as previously described (table 1) . 18 25 Involvement of a surgical margin was assessed histologically according to established criteria for rectal cancer: thus if the tumour was within 1 mm of a margin, this was considered involved.
14 A third category (table 1) was introduced to allow identification of a relatively common feature in colonic cancer where acute inflammation and suppuration are present at a margin with tumour in continuity, through the suppuration, with the margin although the tumour itself does not actually involve the margin histologically. Perforation was only deemed to be present if there was histological evidence of perforation through the tumour. Adjacent organ involvement was also only deemed to be present if confirmed by histology.
While a meticulous technique to harvest all lymph nodes was undertaken, any involvement of nodes, and thus Dukes' C stage, precluded inclusion of the relevant case in this study. Jass parameters, 26 lymphocytic infiltrate, and quality of advancing margin were not included in this study because they have been deemed to be too subjective in several studies and are no longer recommended for routine usage in standard UK and international reporting protocols.
Each patient was regularly followed up with surgical outpatient assessment (for a minimum of five years) and close collaboration with general practitioners. All clinical, pathological, follow up, and survival data were stored on a computer database and regularly updated by a research officer (KJB). Survival time was calculated from the date of surgery to the date of death or last follow up, with times censored for patients dying of causes not related to colonic cancer and those still alive. Only cancer related deaths were analysed as events. Cause of death was established by autopsy or, in the absence of a post mortem examination, the judgement was made on careful appraisal of the clinical course of the patient. If there was any doubt concerning the cause of death, survival time was censored at the date of death. Data concerning any adjuvant therapy were incorporated in the database and subjected to analysis as part of this study.
The log rank test and Cox multivariate regression analysis were used to build a traditional prognostic model. 27 Factors found to have a significance less than 0.1 in the log rank test were entered into a stepwise Cox regression model to give a final model of independent prognostic factors. This model was checked for the proportional hazard assumption, for the effect of tied failed survival times, for outliers, for leverage points, and for overall model fit. Tumour perforation was a substantial risk factor for prognosis in the first post surgical year. Hence it was modelled as a time varying factor, increasing the risk for the first year only.
The model was internally validated using bootstrapping. 28 A bootstrap of 100 samples of 268 patients was performed using backwards elimination stepwise Cox analysis of the factors found to have a significance of less than 0.1 in the log rank test. A high risk group was selected using the prognostic index from this Cox model. 27 
RESULTS
Of the 268 patients, there were 143 males and 125 females with a mean age of 72 years (range 39-92). The distribution of the tumours was as follows: 44 (16%) in the caecum, 56 (21%) in the ascending colon and hepatic flexure, 42 (16%) in the transverse colon and splenic flexure, 17 (6%) in the descending colon, and 109 (41%) in the sigmoid colon. A total of 239 (89%) operations were deemed curative and 29 (11%) palliative according to our criteria. Five patients were lost to follow up at 48, 24, 14, 10, and 3 months and a further 39 patients have still to reach five years of follow up. At the time of analysis, there had been 63 cancer related deaths, a median follow up of 65 months, and a five year survival rate of 76% (95% confidence interval (CI) 70-81%). Fifty seven patients in the series had died from non-cancer related deaths.
Of the 268 patients, 21 had radiotherapy or chemotherapy as well as surgical intervention (including only 3/29 palliative surgery patients and none of 11 patients with tumour perforation). There were nine cancer related deaths in these patients treated with adjuvant therapy. Adjustment for, or omission of, these patients had no significant effect on the results. Log rank analysis identified six factors, with p<0.1, shown in table 2. Age, sex, site, differentiation, and type were not found to be statistically significant prognostic factors. The final Cox regression model, identifying four independent prognostic factors, is shown in table 3. In our data, submucosal and extramural venous invasion showed similar prognostic significance and have therefore been combined. Similarly, the inflamed margin conferred a similar adverse prognosis to unequivocal involvement of the margin and these two categories have also been combined in the analysis.
In the bootstrap analysis of 100 samples of 268 patients, the four variable prognostic model was selected 44 times and at least three of the variables were selected 84 times. Thus the prognostic model showed a high degree of stability. The coefficients for the prognostic index (PI) are given in 
DISCUSSION
With meticulous pathological examination of the resection specimen, the staging of colonic cancers, according to Dukes' classification, is relatively simple and reproducible. Dukes' B colonic tumours account for a large number of all colonic cancers (in this series 40%), particularly because Dukes' A colonic carcinomas are rare compared with the rectum. The pathological features and clinical behaviour of Dukes' B colonic cancer are highly variable 29 and there is a need to identify easily determined factors that may enable selection of patients by prognosis. This study suggests that four such factors can be easily demonstrated by routine pathological methods and, accordingly, are objective and we believe readily reproducible.
In previous studies, including all Dukes' stages, extramural venous spread has been shown to be of prognostic value 18 20 22 25 and in this series restricted to Dukes' B colonic cancer patients, extramural venous spread was a powerful independent prognostic factor. Furthermore, submucosal venous spread showed adverse prognostic significance in this study. This is an important finding because this feature loses prognostic significance when all stages are combined, in rectal cancer at least. 20 The significance of submucosal venous spread, in terms of ultimate prognosis, approaches that of extramural venous involvement and the two can be effectively combined to provide a robust and simple prognostic classification.
Local peritoneal involvement is a parameter which we have previously demonstrated to show powerful independent prognostic significance in colonic cancer 18 and less powerful prognostic significance in rectal cancer. 25 We believe that its powerful independent prognostic significance in colonic cancer is not only related to its ability to predict intraperitoneal metastasis but also because it identifies a patient group with local spread significantly beyond the bowel wall. 18 25 As Dukes' A cases are relatively unusual in colonic cancer, compared with rectal cancer, spread beyond the muscularis propria is almost universal in colonic cancer series and is itself therefore not such a useful discriminator as peritoneal involvement. 18 The importance of peritoneal involvement has been exemplified more recently by the institution of trials of intraperitoneal chemotherapy in Europe and North America, and the success of those trials. 17 30 31 This study has once again underpinned the importance of this pathologically derived parameter in prognosis and its potential utility in selecting patients for chemotherapy, whether systemic or intraperitoneal.
While mesorectal (deep, circumferential, radial, "lateral") margin involvement has been much studied in rectal cancer, 14 15 little attention has been paid to surgical margins in colonic cancer. Admittedly, most of the ascending, transverse, and descending colon is invested in peritoneum, and surgical margins are less important than in the lower rectum where the mesorectum is effectively circumferential. However, in the caecum, proximal ascending colon, and sigmoid colon, surgical margins, both retroperitoneal and mesocolic, are more relevant. Indeed, this series has shown that margin involvement has independent prognostic significance in Dukes' B colon cancer. Furthermore, it has shown that tumour can apparently seed across an inflammatory focus, present at a margin, to allow metastasis, subsequent relapse, and death, even if the tumour itself is not demonstrated at a margin, as long as there is continuity through the inflammation between the tumour and margin. This is most relevant in the sigmoid colon where the common coexistence of carcinoma and diverticular disease leads to tumorous obstruction of diverticula, secondary diverticulitis, and potential margin involvement through the inflammatory focus. From data in this study, the "inflamed margin" can be usefully combined with frank margin involvement to simplify the prognostic model.
The adverse prognosis of perforation through the tumour has been previously demonstrated. In this series of Dukes' B colon cancer, this adverse prognostic influence was seen only in the first postoperative year. Nevertheless, perforation remains a pathologically determined feature of extreme adverse prognostic significance and one that demands further studies into the efficacy of adjuvant chemotherapy, whether systemic and/or, seemingly more logically, intraperitoneal.
All four pathological parameters found to have independent prognostic significance in this study do not suffer the problems of subjectivity of other pathologically determined parameters, such as those forming part of the Jass classification. 26 Nevertheless, their detection depends critically on accurate specimen dissection and block selection. In the past, the ability of diagnostic pathologists to provide such data has been suboptimal. 32 There is now evidence that pathologists can at least record such data accurately, particularly with the advent of proforma reporting, such as those introduced by the Royal College of Surgeons, the Association of Coloproctology, UKCCCR, and the Royal College of Pathologists. 33 The cumulative PI, in this series based on the four pathologically determined parameters, provides prognostic categories that could be used to guide the decision concerning adjuvant therapy. For Dukes' B colon cancer as a whole, the efficacy of chemotherapy remains controversial. 4 8-12 Thirty one per cent of patients in this study had none of the four adverse independent prognostic factors and a five year survival rate of 94%, effectively the same, in our series, as that of Dukes' A cancers. 18 As adjuvant therapy is required to demonstrate a 5% increase in survival before it can be considered efficacious and cost effective, 7 19 it could not seemingly be justified in this patient group. On the other hand, our data enabled the categorisation of high risk patients with a survival rate of 49.8% that might well be improved by adjuvant therapy.
By combining a meticulous pathological technique with a restricted analysis of Dukes' B colonic cancer alone, we have been able to demonstrate that particular pathological factors can provide invaluable prognostic information in this group of patients, especially when part of a cumulative prognostic index. Our analysis made full use of the dataset with the internal validation corroborating the prognostic model. However, before initiating extensive use of this model for selecting patients for adjuvant therapy, it is important to confirm the model in independent datasets. After confirmation in such an external dataset, we would propose that the analysis of these pathological factors could form the basis for prospective controlled trials of adjuvant systemic and/or intraperitoneal chemotherapy in Dukes' B colonic cancer.
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